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Abstract 

63/65 Cu _ and 35/37 Q-NMR experiments were performed to investigate triplet localization in the 
S = 1/2 dimer compound NH4CUCI3, which shows magnetization plateaus at one-quarter and 
three-quarters of the saturation magnetization. In 63//65 Cu-NMR experiments, signal from only 
the singlet Cu site was observed, because that from the triplet Cu site was invisible due to the 
strong spin fluctuation of onsite 3d-spins. We found that the temperature dependence of the shift 
of 63 / 65 Cu-NMR spectra at the singlet Cu site deviated from that of macroscopic magnetization 
below T = 6 K. This deviation is interpreted as the triplet localization in this system. From 
the 35//37 Cl-NMR experiments at the 1/4-plateau phase, we found the two different temperature 
dependences of Cl-shift, namely the temperature dependence of one deviates below T = 6 K from 
that of the macroscopic magnetization as observed in the 63 / 65 Cu-NMR experiments, whereas 
the other corresponds well with that of the macroscopic magnetization in the entire experimental 
temperature region. We interpreted these dependences as reflecting the transferred hyperfine field 
at the CI site located at a singlet site and at a triplet site, respectively. This result also indicates 
that the triplets are localized at low temperatures. 63 / 65 Cu-NMR experiments performed at high 
magnetic fields between the one-quarter and three-quarters magnetization plateaus have revealed 
that the two differently oriented dimers in the unit cell are equally occupied by triplets, the fact 
of which limits the theoretical model on the periodic structure of the localized triplets. 

PACS numbers: 76.60.-k, 75.10.Jm 
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I. INTRODUCTION 



In last two decades, quantum spin systems have been attracting much interests both 
experimentally and theoretically, because these systems exhibit numerous peculiar magnetic 
features, which cannot be interpreted by conventional classical spin models. For instance, a 
spin gap 1] and a step like magnetization process (magnetization plateau) corresponding to 
the quantization of the magnetization are the macroscopic quantum phenomena. When a 
magnetic field is applied in a spin gap system with the excitation gap A, the excited triplet 
states split and the energy of the one of the triplet states is lowered due to the Zeeman 
interaction so that the spin gap vanishes at the critical field H c = A/gfi^. Then the ground 
state becomes magnetic so that the magnetic ordering occurs if there are three-dimensional 
interactions. Such field-induced magnetic ordering has been observed in the spin gap systems 
KCuCl 3 [3| and TlCuCl 3 [4|], which are isomorphous of the title compound NH 4 CuCl 3 . The 
field-induced magnetic ordering was captured as the Bose-Einstein condensation of magnons 
by mapping the spin gap system to the system consisting of boson with magnetic moment, 
magnon Namely the ordering can be interpreted as the superfluid-insulator transition 
induced by the varying of the chemical potential /x corresponding to the magnetic field H 
in the original spin system. It is considered that the superfluid-insulator transition occurs 
when the hopping of magnon t is more dominant than the repulsive interaction of magnons 
U and this situation seems to be valid for KCUCI3 and TICUCI3. On the other hand, when 
the repulsive interaction of magnons U is more dominant than the hopping of magnon t, 
the created magnons prefer to distance themselves so that a superlattice of magnons, which 
can be interpreted as the formation of the Wigner crystal of magnons, may appear at a 
fractional number of magnons. In the superlattice phase, a finite energy is needed to create 
an additional magnon, i.e. dn/d/i = 0, where n is the total magnon density corresponding to 
the magnetization M in the original spin system so that the magnetization plateau emerges 
in the superlattice phase. Actually, such superlattice of magnons has been observed in the 

n nn 

orthogonal dimer system SrCu2(B03)2 |6j at the 1/8-plateau phase [7|, |8j. 

The title compound NH 4 CuCl 3 has a monoclinic structure (space group P2\/c) at room 
temperature Q|. The crystal structure is composed of planar dimers of CU2CL3. The dimers 
are stacked on top of one another to form infinite double chains parallel to the crystallo- 
graphic a-axis. These double chains are located at the corners and center of the unit cell in 
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FIG. 1: Crystal structure of NH4CUCI3 viewed along the a-axis. Shaded, small open and large 
open circles denote NH4 , Cu 2+ and CI - ions, respectively. The differently-oriented CU2CI6 dimers 
at the corners and center of the unit cell are labelled as the a and (3 dimers, respectively. 



the b — c plane as shown in Fig. HJ We labelled the differently-oriented CU2CL3 dimers at 
the corners and center of the unit cell as the a and (3 dimers, respectively, in the present 
paper as shown in Fig. HJ 

The magnetic ground states of the isomorphous compounds KCuCl 3 and TlCuCl 3 are 
the spin singlet with excitation gaps {3], 4, 10, H, 12|. From the analyses of the dispersion 



relations obtained by neutron inelastic scattering experiments, it was found that the origin 
of the spin gap is the strong antiferromagnetic interaction in the chemical dimer CU2CI6, and 



that the neighboring dimers are coupler 
and in the (1, 0, —2) plane 
antiferromagnet with Tn 
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le interdimer interactions along the double chain 



171 ] . On the other hand, NH 4 CuCl 3 is a gapless 



1.3 K [18j. NH4CUCI3 presents salient magnetization plateaus in 
;he magnetization process at one-quarter and three-quarters of the saturation magnetization 
IjJ], i.e., for H\\a, these plateaus are observed in 5.0 T < H < 12.8 T, and 17.9 T < H < 24.7 
T, respectively, and the magnetization saturates at H s = 29.1 T. Because the magnetization 
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FIG. 2: Phase diagram of NH4CUCI3 for the H || a-axis determined from the previous specific heat 



measurements 
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20l | and magnetization measurements [19]. Solid lines are guides for the eyes 



plateaus are observed irrespective of the field direction, the origin of the plateau can be 
attributed to quantum effect. Figure [2] shows the phase diagram of NH4CUCI3 determined 



from the previous specific heat measurements 
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201 ] and magnetization measurements 



19] 



It can be expected that NH4CUCI3 undergoes three kinds of antiferromagnetic orderings 
through the one-quarter and three-quarters magnetization plateaus up to the saturation 
field at low temperature u pon increasing the magnetic field. 

Recently, Matsumoto [2l| theoretically suggested that there are three distinct mag- 
netic dimer sublattices with different exchange interactions in NH4CUCI3, in contrast to 
the isostructural KCuCl 3 and TlCuCl 3 , and reproduced well the magnetization plateaus 
and field dependence of the magnetic resonance frequencies observed in ESR measurements 
22, 22I by his model. Successive structural phase transitions which may indicate the cre- 



ation of such distinct magnetic dimers have been observed at low temperatures by means of 



various kind of experiments 
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25|, 



26 
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28j while the isostructural KCuCkj and TICUCI3 



undergo no structural phase transitions at low temperature. Although some experiments 
proposed that the crystal structure becomes triclinic space group PI or PI which enables 
to form multiple distinct magnetic dimers by enlarging the unit cell, the crystal structure 
including the detailed atomic positions at low temperature has not been fully determined 




FIG. 3: (Left) Rotational profiles of 63 / 65 Cu-NMR spectra under the field region of the 1/4- 
plateau phase at T = 3.3 K in NH4CUCI3. The direction of the magnetic field was rotated from 
c*-axis to 6-axis and then c*-axis, with keeping H _L a-axis. There are two signal sets, which 
come from the two differently-oriented dimers a and (5 in a unit cell connected with the glide 
symmetry, as shown in Fig. [TJ The upper panel shows the enlarged representative spectrum 
taken under the constant field 5.5 T, where only satellite peaks are observed. (Right) Calculated 
curves obtained by numerical diagonalization of the nuclear spin Hamiltonian. See text for details. 



yet. The magnetic ordering at zero field was observed and the magnetic structure at the 
1/4-plateau state was proposed by the neutron elastic scattering experiment 26]. In terms 
of the NMR experiments, 15 N-NMR 27| and 14 N-NMR 28j] experiments have been reported 



so far in NH4CUCI3, in which the N ions exist in the NH 4 molecules between the double 
chains formed by planar dimers of CU2CI6 as shown in Fig. [TJ In 15 N-NMR experiment, the 
periodic structure of the triplets at the 1/4-plateau phase was proposed from the calculation 
of the internal fields at N sites by using a point dipole approximation. Also, in 14 N-NMR 
experiment, the periodic structure at the 1/4-plateau phase was proposed from the discus- 
sion of the crystal symmetry at low temperature. However, there remain controversies in 
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the magnetic structure at zero field together with the periodic structure of the triplets at 
the plateau phases, as well as the crystal structure. 

As mentioned above, the periodic structure of the triplets has not been determined yet. 
Moreover, the triplet localization at low temperature has not been observed directly yet. In 
order to observe the triplet localization, it is important to perform NMR experiments of Cu 
and CI ions, which are closer to the magnetic moments at Cu sites than N ions, as shown 
in Fig. m in NH 4 CuCl 3 . With this motivation, we performed the 63 / 65 Cu- and 35 / 37 Cl-NMR 
experiments at the 1/4-plateau phase in the quantum spin system NH 4 CuCl 3 . As the result, 
we actually observed the triplet localization, indicating the existence of the inequivalent 
magnetic dimer sites, at low temperature in NH4CUCI3 for the first time, as presented in 
the following sections. Also, we carried out the 63 / 65 Cu-NMR experiments at high magnetic 
fields between the 1/4-plateau and the 3/4-plateau phases in order to investigate the periodic 
structure of the localized triplets in NH 4 CuCl 3 and will discuss the observed results with the 
periodic structure of the localized triplets proposed in the previous neutron 26( and N-NMR 



27, 



281 ] experiments from the viewpoint of the temperature and magnetic field dependence 



of the amplitudes of the observed 63//65 Cu-NMR spectra in the following sections. 



II. EXPERIMENTAL DETAILS 

Single crystals of NH4CUCI3 were prepared by a slow evaporation method jlijj ]. 63 / 65 Cu- 
and 35 / 37 Cl-NMR experiments were performed at temperatures down to T = 2 K in mag- 
netic fields up to H = 18 T using the 12 T cryogen-free-superconducting magnet installed 
at Sophia University and the 20 T superconducting magnet in the High Field Laboratory 
for Superconducting Materials, Institute for Materials Research, Tohoku University. NMR 
rotational spectra were obtained by recording the spin-echo amplitude while rotating the 
crystal very slowly in the magnetic field. For the estimation of hyperfine coupling con- 
stants, the macroscopic magnetization was measured using a SQUID magnetometer with a 
7 T superconducting magnet (Quantum Design, MPMS-XL) and a vibrating sample mag- 
netometer with a 14 T superconducting magnet (Oxford, MagLabVSM) in the Center for 
Low Temperature Science, Tohoku University. 
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III. RESULTS AND DISCUSSION 



A. 63 / 65 Cu-NMR Study at Low Magnetic Fields 

The rotational profiles of 63 / 65 Cu-NMR spectra under the field region of the 1/4-plateau 
phase at T = 3.3 K in NH4CUCI3 are shown in Fig. [31 The direction of the magnetic field is 
rotated within a-plane. The curves in the right panel of Fig. [3] were calculated by numerical 
diagonalization of the nuclear spin Hamiltonian of 63 / 65 Cu (I = 3/2) 

U = —fir/I ■ H — hql ■ KH 

+ ^f[{3P z -I(I + l)} +V (l 2 x -I 2 y )} (1) 

with the parameters of Knight shift K~0 % quadrupole interaction parameter 63 z/q=39.2 
MHz, and asymmetry parameter 77=0, and with the principal axis of the field gradient 
tensor directed perpendicular to the basal plane of the Cu 2 Cl 6 octahedron. Black and gray 
curves correspond to the two differently-oriented dimers a and (3 in a unit cell as shown 
in Fig, [TJ thick and thin lines correspond to the two isotopes of 63 Cu and 65 Cu, and solid 
and dashed lines correspond to the two satellite transitions and the center transition. The 
agreement between the observed data and the calculation with nearly zero shift indicates 
that the observed signal comes from the singlet site. Reflecting the fact that there are two 
differently-oriented dimers a and j3 connected with the glide symmetry in a unit cell, which 
is expected from the P1\jc crystal symmetry, as shown in Fig. [H there are two sets of signals 
separated by approximately 40°, which corresponds to the angle between the normals of the 
basal planes of a and j3 projected onto the a-plane. These two sets of signals in Fig. [3] have 
nearly the same amplitude. This result indicates that there are singlet dimers in both the 
a and (3 sites in the 1 / 4-plateau region. 

As mentioned in the Introduction, because the crystal symmetry is lowered at low tem- 
perature in this system, splitting of Cu-NMR spectra to reflect the lowered crystal structure 
is expected. However, the observed Cu-NMR spectra was reproduced by the calculation on 
the assumption that the crystal structure belongs to the P1\jc space group, as shown in 
Fig. [3J This indicates that the symmetry of the local crystal field at Cu sites preserves 
the P2\/c symmetry even at low temperature, and that the lowering of crystal symmetry 
is associated with the variation of the symmetry between the NH 4 molecules, such as the 
long range order of the orientation of NH 4 molecules. In this 63//65 Cu-NMR experiment, the 
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FIG. 4: Representative temperature dependences of the relative shift AH of 63//65 Cu-NMR (open 
circles) and the macroscopic magnetization M (closed circles) at various magnetic fields for the 
H || 6-axis and H _L (1,0, —2) plane. The former are scaled as AH /A, where A is the hyperfme 
coupling constant with +7 T/^b- 



signal from the triplet site was not observed, because of the strong spin fluctuation of onsite 
3<i-spins. 

Representative temperature dependences of the relative shift AH of 63 / 65 Cu-NMR and 
the macroscopic magnetization M at various magnetic fields for the H || 6-axis and the 
H _L (1,0, —2) plane are shown in Fig. HI We can see a remarkable deviation in the two 
quantities below T = 6 K. The hyperfme coupling constant A determined in the temperature 
range above T = 6 K, where the two quantities are proportional, is about A ~+7 T//xb, 
which is positive and very small. Divalent Cu atoms generally have a large and negative 
hyperfme coupling of a few tens of tesla, that is A < 0, because of the core-polarization effect. 
Therefore, the observed positive value of A means that the local magnetization probed by 
Cu-NMR as the shift and the macroscopic magnetization M must show opposite temperature 
dependences. Note that this anomalous behavior is not merely due to the dipole anisotropy, 
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FIG. 5: (Upper panel) Magnetic field-swept spectra of 35 / 37 Cl-NMR at various temperatures for the 
H || 6-axis in NH4CUCI3. (Lower panel) Enlarged figure of magnetic field-swept spectra at T = 4.2 
K for the H || 6-axis. The three peaks numbered as #1, 2 and 3 are those from 35 Cl-nuclei, and 
the temperature dependence of their shift is shown in Fig. [6j The gray bar denotes the zero-shift 
position of 35 C1 for the present frequency uq =41.797 MHz. 



but originates in the electron spin state, because A takes the same value irrespective of the 
field directions parallel or perpendicular to the CU2CI6 basal plane, as shown in the left and 
right panels of Fig. HI 

To explain this phenomenon, we propose a model in which the field-induced triplets are 
spatially localized and contribute only to the macroscopic magnetization and not to the 
local magnetization of neighboring singlet sites. Its schematic drawing is shown in Fig. [61 
In the high temperature limit, those triplets are mobile and the system is homogeneous. As 
the temperature is lowered below a few tens of kelvins, they start to become localized and 
tend to stop at some specific spatial positions, indicated as A and avoid to stop at some 
other positions, indicated as B in Fig. [6j Since the local magnetic field at the singlet site B 
is produced only by moving triplets, it always decreases with decreasing triplet localization 
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FIG. 6: Schematic picture of the triplet localization. A Circle in each row corresponds to the dimer 
site in NH4CUCI3 at each temperature. Upper and lower rows corresponds to the higher and lower 
temperatures respectively. The shading of each circle is proportional to the local magnetization 
of the dimer. Horizontal axes show the localization length at each temperature. The two vertical 
axes A and B at the bottom show representative positions where the triplet stays or does not at 
low temperatures. 



length, and hence with decreasing temperature. This agrees with the positive and small A 
in Fig. H] above T = 6 K. Below T = 6 K, the localization length must be shortened to 
be less than the mean dimer-dimer separation, so that the local magnetization completely 
saturates. 

This localization model is consistent with the neutron inelastic scattering experiments 
reporting a very small dispersion of triplet excitations in NH4CUCI3 30( and indicates the 
experimental evidence of the existence of inequivalent magnetic dimer sites at low temper- 
ature, because it can be considered that the triplets scarcely hop to inequivalent magnetic 
dimer sites with different exchange interactions. This model predicts that the temperature 
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FIG. 7: Representative temperature dependences of the relative shift AH of 35 / 37 Cl-NMR (open 
circles) and the macroscopic magnetization M (closed circles) for peaks #1, 2 and 3 defined in 
Fig. [SJ The former are scaled as AH/A, where A is the hyperfine coupling constant. Note that 
AH of CI- #2 with negative A actually decreases with decreasing temperature. 



dependence of the local magnetization of the triplet site, indicated as A in Fig. [6j must 
agree with the macroscopic M, which is to be discussed in the following subsection. 

B. 35 / 37 Cl-NMR Study 

The magnetic field-swept spectra of 35 / 37 Cl-NMR at various temperatures for the H \\ b- 
axis in NH4CUCI3 are shown in Fig. [5j There are many peaks of central (—1/2 <-> +1/2) 
and satellite transitions (±3/2 <-> ±1/2) from 35 / 37 Q (J = 3/2) sites. Typical temperature 
dependences of the relative shift AH of 35 C1-NMR and the macroscopic magnetization M 
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FIG. 8: (Left) Rotational profiles of 63 / 65 Cu-NMR spectra under the field region between the 
one-quarter and the three-quarters magnetization plateaus for the H || a-plane at T = 2.3 K in 
NH4CUCI3. There are two signal sets, which come from the two differently-oriented dimers a and 
(3 in a unit cell connected with glide symmetry, as shown in Fig. [TJ (Right) Calculated curves 
obtained by numerical diagonalization of the nuclear spin Hamiltonian. See text for details. 



are shown in Fig. [7J Here, the temperature dependence of the relative shift AH of peak 
#3 deviates below T = 6 K from that of the macroscopic magnetization M as observed in 
the 63 / 65 Cu-NMR experiments described above, while the temperature dependences of the 
relative shifts AH of peaks #1 and 2 correspond well to that of the macroscopic magneti- 
zation M in the entire experimental temperature region as AH = AM, where the hyperfine 
coupling constant A is obtained as +12 and —25 T/hb, respectively. 

As mentioned in the previous section on 63//65 Cu-NMR experiments, field-induced triplet 
dimers localize at low temperatures in NH4CUCI3. Based on this consideration, we can 
interpret the observed results of 35//37 Cl-NMR experiments. The appearance of the two kinds 
of the temperature dependence in the Cl-shift indicates that there are two magnetically- 
inequivalent dimers that are localized. As for the CI sites located at singlet dimer, since 
they are scarcely affected by the neighboring localized triplets, the temperature dependence 
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of the shift of such CI site should be independent of the macroscopic magnetization, which 
is dominated by the triplets. This argument is the same as that of the Cu-shift of the 
singlet sites given in the previous section. On the other hand, the local magnetization of 
CI sites located at triplet dimer is directly affected by the transferred hyperfme interaction, 
so the temperature dependence of the shift of such CI site agrees well with the macroscopic 
magnetization. Hence, we can expect that the observation of the two kinds of temperature 
dependence in the Cl-shift will provide microscopic evidence of triplet localization below 
T = 6 K in NH4CUCI3. The wide range of the hyperfme coupling constants for CI at each 
of the two sites is simply because the hyperfme interaction at the CI site is anisotropic. 

The origin of this triplet localization is not still clear, but possibly, inhomogenization 
of the system due to the rotation freezing of the non-centrosymmetric NH 4 molecule may 
be related. 28| In order to confirm the validity of our localization model, we propose an 
experiment on the detection of the slow dynamics in localizing triplets. This can be probed 

n 

by muon spin relaxation experiment in the longitudinal field H^p (LF-/iSR).[31| The muon 
spin relaxation rate A under H^p corresponds to the Fourier component of u = 7-£/lf, where 
7 is the gyromagnetic ration of muon spin, in the spectrum of magnetic field fluctuation 
produced by triplets. As the localization proceeds, motion of the triplet is expected to slow 
down, and hence the A under specific H^p is expected to be enhanced. This experiment is 
now in preparation. 



C. 63 / 65 Cu-NMR Study at High Magnetic Fields 

Rotational profiles of 63//65 Cu-NMR spectra under a field region between the one-quarter 
and the three-quarters magnetization plateaus for the H || a-plane at T = 2.3 K in NH4CUCI3 
are shown in Fig. [SJ We can see that the two sets of signals belonging to two differently- 
oriented dimers a and (3 have nearly the same amplitude. The curves in the right panel 
of Fig. [8] were calculated by numerical diagonalization of the nuclear spin Hamiltonian 
(eq. [1]) of 63 / 65 Cu with the parameters of quadrupole interaction parameter 63 i/q=39.2 MHz, 
asymmetry parameter 77=0, and Knight shift K~0 % and with the principal axis of the field 
gradient tensor directed perpendicular to the basal plane of the CU2CI6 octahedron. Black 
and gray curves correspond to the two differently-oriented dimers a and (3 in a unit cell, thick 
and thin lines correspond to the two isotopes of 63 Cu and 65 Cu, and solid and dashed lines 



14 



(a) 



(b) 



t 

CD 

£ 

O 

o 
W 



13.35T 

A (1 1 

.jJWUJ 


i 

1 11 2.3K 


2-3K 16gT 






1 13 ' 05T 

1 12.9T 

-XAjul 12 - 6T 






ai i 


i_i|5 


a i i i i p 



60 120 60 120 

Rotation angle (deg) 



180 



FIG. 9: Representative rotational profiles of 63//65 Cu-NMR spectra of NH4CUCI3 for (a) various 
temperatures at H = 13.35 T and (b) various magnetic fields at T = 2.3 K. 



correspond to the two satellite transitions and the center transition. The good agreement 
between the observed data and the calculation with nearly zero shift indicates that the 
observed signal came from the singlet site, the same as in the 63 / 65 Cu-NMR experiments at 
low magnetic field presented in the previous section. 

Representative rotational profiles of 63 / 65 Cu-NMR spectra of NH4CUCI3 for various tem- 
peratures at H = 13.35 T and for various magnetic fields at T = 2.3 K are shown in Figs. [9] 
(a) and (b), respectively. The amplitudes of 63 / 65 Cu-NMR spectra of a and (3 dimers are al- 
most the same and show no temperature or magnetic field dependence, indicating that there 
are the same number of singlet sites in both a and (3 dimers between the 1/4-plateau and 
3/4-plateau phases. We observed that the extra peaks indicative of antiferromagnetic order- 
ing appeared at low temperature, as shown in Fig. [9j Because we did not obtain sufficient 
data to determine the magnetic structure of the ordered phase in the present experiments, 
we do not discuss the observed extra peaks in this paper. 



In the models proposed from the neutron experiments by Riiegg et al. 26j, a doubly 
elongated unit cell in the direction of the fe-axis contains four dimers, two of which are 
equivalent, and hence three inequivalent dimers with different saturation fields. These three, 
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with an abundance ratio of 1 : 2 : 1, are a, (3 and a dimers (or (3, a and (3 dimers), 
respectively. If we follow their models, between the 1/4-plateau and 3/4-plateau phases, 
then one quarter of the dimer sites would be completely filled by triplets and half of them 
would be partially filled by triplets; only the remaining quarter of the sites would retain 
singlets, which means that they should be visible by NMR. Our observations completely 
contradict their models which indicate that only one of the two sites of dimers a or (3 remains 
a singlet in this field region. On the other hand, the periodic structure at the 1/4-plateau 
phase proposed to explain the 15 N-NMR experiment 27J, in which the triplets are arranged 
per four dimers along the a-axis and also satisfy translational symmetry along both b- and 
c-axes, is consistent with our observation because in their model there are singlets in both 
the a and (3 dimers. Moreover, the periodic structure at the 1/4-plateau phase proposed to 
explain the 14 N-NMR experiment 



in which the triplets are formed over different double 
chains at the corners and center of the unit cell, is consistent with our observation because 
the triplets in their model are formed by one of the Cu spins in the a dimer and that in the 
(3 dimer, so the number of Cu sites forming the remaining singlets is the same in both a and 
(3 dimers. It is important to perform a detailed investigation of spin correlation functions 
by means of neutron scattering experiments at high magnetic fields in order to investigate 
the structure of triplets, namely which Cu spins form the triplet, as well as the periodic 
structure of triplets at plateau phases. 



IV. CONCLUSION 

We presented the results of 63/,65 Cu- and 35 / 37 Cl-NMR experiments to investigate triplet 
localization in the quantum spin system NH4CUCI3. In the 63/,65 Cu-NMR experiments for the 
1/4-plateau phase, we found that the observed rotational profiles could be well reproduced 
by using the nuclear spin Hamiltonian (eq. [1]) of 63 1/65 Cu with the parameters of quadrupole 
interaction parameter 63 z/q=39.2 MHz, asymmetry parameter r/=0, and Knight shift K~0 
% and with the principal axis of the field gradient tensor directed perpendicular to the basal 
plane of the Cu 2 Cl 6 octahedron, indicating that the singlet Cu sites are visible only in the 
63 / 65 Cu-NMR experiments, as shown in Fig. [3j Moreover, we found that the temperature 
dependence of the relative shift AH of 63 / 65 Cu-NMR at the singlet Cu site deviated from 
that of the macroscopic magnetization M below T = 6 K, as shown in Fig. HI This indicates 
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that the triplet localization actually occurs due to the existence of the inequivalent mag- 
netic dimer sites at low temperature. From the 35//37 Cl-NMR experiments for the 1/4-plateau 
phase, we found two kinds of the temperature dependence of the Cl-shift: in one, the tem- 
perature dependence below T = 6 K deviates from that of the macroscopic magnetization M 
as observed in the 63 / 65 Cu-NMR experiments at the 1/4-plateau phase, whereas in the other, 
the temperature dependence corresponds well to that of the macroscopic magnetization M 
in the entire experimental temperature region, as shown in Fig. [7J We interpret these two 
dependences as reflecting the fluctuating field at the CI site at a singlet site and that at a 
triplet site, namely this result also indicates that the triplets are localized at low temper- 
ature. To investigate the periodic structure of the localized triplets in NH 4 CuCl 3 , we also 
performed 63 / 65 Cu-NMR experiments at high magnetic fields between the one-quarter and 
the three-quarters magnetization plateaus and found that the amplitudes of 63 / 65 Cu-NMR 
spectra of a and (3 dimers were almost the same and showed no temperature or magnetic 
field dependence, indicating that there are the same number of singlet sites in both a and j3 
dimers between the 1/4-plateau and 3/4-plateau phases, as shown in Fig. [91 These results 
do not support the periodic structure of localized triplets proposed in the previous neutron 
experiment, while are consistent with that proposed in the previous N-NMR experiments. 
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